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ABSTRACT. - This study examines the frequentation of feeding sites by the pink whipray (Himantura fai) in the lagoon 
of Moorea (French Polynesia) from April 2005 to March 2006. Six multidirectional hydrophones (VEMCO VR 2) were 
deployed at 1.5-3 m depth in the North-western area of the Moorea lagoon in which two ray feeding sites were set up for 
tourism purposes in 1995 and 1999. The study area (1.9 km 1 2 3 4 ) is part of a marine reserve created by the French Polynesian 
government in October 2004. Fourteen individuals (6 males, 8 females; disc width DW: 73-114 cm) were surgically 
implanted with individually coded ultrasonic transmitters (VEMCO V8-SC and V13-1H) and presence/absence data were 
collected for up to 340 days. One ray was never detected. Of the other 13 animals, 7 (4 males, 3 females) showed a maxi¬ 
mum presence time on one feeding site (Sand bank) and 4(1 male, 3 females) favoured the other one (Motu); 2 rays (1 
male, 1 female) were detected less than 10% of their total detection time at either of the feeding sites. Both receivers locat¬ 
ed on the feeding sites detected all 12 individuals during the data collection period and detected a fish an average of 89% of 
the time daily, whereas the mean daily detection time of the other four receivers - located outside of any feeding area- 
ranged from 27 to 60%. Only one ray was detected by all 6 receivers in the same day. We observed different frequentation 
patterns between individuals at each feeding site. Daily bimodal pattern related to feeding time is shown but with no corre¬ 
lation with tourist or feeding numbers. Rays show anticipation on feeding times (one or two hours before feeding hours) 
but they are conditioned and come on sites with or without feeding activity occurring on the selected day. Even if our study 
suggests that site fidelity exists for 11 individuals out of 13, the long-term impact of feeding on ray behaviour, reproduction 
and health still needs to be explored. 


RESUME. - Etude de la frequentation des sites de nourrissage de la raie Himantura fai dans le lagon de Moorea (Polynesie 
franjaise) par suivis acoustiques. 

Cette etude evalue la frequentation de sites de nourrissage par la raie pastenague Himantura fai dans le lagon de Moo¬ 
rea (Polynesie franjaise) d’avril 2005 a mars 2006. Six hydrophones multidirectionnels (VEMCO VR 2) ont ete installes 
entre 1,5 et 3 m de profondeur dans le lagon de Moorea dans lequel ont ete crees deux sites de nourrissages des raies res- 
pectivement en 1995 et en 1999, dans un but touristique. La zone d’etude (1,9 km 2 ) fait partie d’une reserve marine creee 
en octobre 2004 par le gouvernement polynesien. Des marques acoustiques codees (VEMCO V8-SC/V13-1H) ont ete 
implantees chirurgicalement sur 14 individus (6 males et 8 femelles; largeur corporelle: 73-114 cm) et des donnees de pre¬ 
sence/absence ont ete collectees pendant une periode allant jusqu’a 340 jours. Un individu n’a jamais ete detecte apres son 
marquage. Sur les 13 autres raies, 7 (4 males, 3 femelles) presentent une detection maximale sur le site de nourrissage 
appele “Sand Bank” ; 4 autres (1 male, 3 femelles) sur le second site appele “Motu” ; 2 individus (1 male, 1 femelle) ont ete 
detectes a moins de 10% de leur temps de detection sur les sites de nourrissage. Chacun des deux recepteurs places sur un 
site de nourrissage a detecte 12 individus differents durant la periode de suivi et a enregistre la presence diume des raies a 
plus 89% contre 27 a 60% pour les autres recepteurs. Seule une raie a ete detectee le meme jour par les 6 hydrophones. 
Nous avons observe differents modes de frequentation sur les deux sites de nourrissage. Un mode bimodal de frequentation 
quotidienne correspondant aux periodes de nourrissage a ete mis en evidence rnais aucune correlation avec le nombre de 
touristes ou le nombre de nourrissage. Les raies montrent une anticipation de presence sur les sites (1 a 2 heures avant le 
debut de l’activite de nourrissage) mais sont conditionnees et viennent sur le site qu’il y ait ou non activite de nourrissage 
ce jour la. Bien que notre etude montre que 11 raies sur 13 semblent fideles aux sites de nourrissage, l’impact de ces der- 
niers sur le comportement, la reproduction et la sante des raies sur le long terme reste a explorer. 
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The demand for tourism activities based on interacting 
with wildlife has increased in the past ten years (Davis et al., 
1997). Marine animal-human interactions have been devel¬ 


oped with dolphins (e.g., Tangalooma and Monkey Mia, 
Australia), moray eels (e.g.. Cod Hole on northern barrier 
reef, Australia), manatees (e.g., Florida), marine turtles (e.g., 
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Australia, Hawaii), killer whales (e.g., Canada), and sharks 
(French Polynesia). Some of these experiences involve the 
feeding of animals in order to facilitate close observations 
(Orams, 2002; Milazzo et al., 2005). In most cases however, 
very little scientific information is available on the targeted 
species or on the long-term impact of human’s interaction 
(Orams, 2002). In the Cayman Islands (Martin and Cailliet, 
1988; Shackley, 1998) and Gibb’s Bay, Grand Turk Carib¬ 
bean, tourists have been able to interact with Dasyatis amer- 
icana, using snorkel or scuba, since 1990. Lewis and News¬ 
ome (2003) reported up to 100,000 visitors per year in Sting¬ 
ray City, Cayman Islands. In Hamelin Bay in Western Aus¬ 
tralia, a provisioning site has been recently set up for tourists 
to interact with Dasyatis brevicaudata and D. thedidis (New- 
some et al., 2004). All these sites (Cayman Islands, Gibb’s 
Bay and Hamelin Bay) were started in opportunistic loca¬ 
tions where fishermen cleaned their fish in shallow water 
(Newsome et al., 2004). 

The first stingray shallow water interaction activity in 
French Polynesia was launched in 1994 on the popular island 
of Bora Bora. Because of its success, a similar activity was 
developed in the Northwest lagoon of the island of Moorea 
in lanuary 1995. The choice of feeding zones was made by 
boat tour operators, based on the ease of access, the shallow¬ 
ness of the area, the sandy bottom and the proximity of other 
touristy sites. In 1995, after two months of daily feeding in 
the first selected feeding zone, five rays where seen and fed 
regularly. In 1999, another tour operator developed a second 
site on a private islet (Motu) on Moorea’s barrier reef. By 
2005, a total of ten operators were including stingray feed¬ 
ing activities in their daily programs. Up to 120 tourists can 
be present at the same time on one feeding spot (Gaspar, per¬ 
sonal observations). 


Despite the high ray abundance in the feeding zones of 
Moorea and the increased demand of information about the 
rays from tourists, there has been no study on the biology 
and the behaviour of this species until this day. With the 
advance in automated ultrasonic telemetry technology, more 
accurate behavioural studies are possible and individuals can 
now be continuously tracked for extended periods of time 
(Zeller, 1999; Arendt et al., 2001b; Egli and Babcock, 2004; 
Heupel et al., 2006). The objectives of this study are to 
describe the feeding site frequentation pattern of pink 
whiprays at different time scales to understand how much 
influence the feeding has on fish behaviour and which fac¬ 
tors may explain feeding site frequentation. 

MATERIAL AND METHODS 
Studied species 

Himantura fai (Jordan & Seale, 1906) is the most com¬ 
mon ray species observed in French Polynesia. It belongs to 
the Elasmobranchii Class, Rajiform Order, Dasyatidae Fam¬ 
ily. It is widespread from South Africa (Last and Compagno, 
1999), South China Sea (Fowler et al., 1997), Ruykyus 
islands in Japan (Yoshigou and Yoshino, 1999), Australia 
(Last and Stevens, 1994), Caroline Islands (Homma et al., 
1994), Apia Samoa (Bowers, 1906), Palau and Guam (Ran¬ 
dall, 2005). It occurs over soft bottoms of the inner continen¬ 
tal shelf, often near coral reefs and can be found up to 40 m 
deep. Prior to acoustic tagging, an inventory of the ray popu¬ 
lation in the study zone was performed in June 2004 (Gaspar, 
unpublished data). Fifty eight rays were identified (30 males 
and 28 females) at that time. 


Figure 1. - Moorea Island and selected 
study zone with the coverage of the 6 
receivers and the 2 feeding areas (M: 
Motu, SB: Sand Bank), [lie de Moorea 
et zone d’etude avec couverture des 6 
recepteurs et emplacements des deux 
sites de nourrissage (M: Motu, SB: 
Sand Bank)}. 
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Studied zone 

The island of Moorea (17°30’S; 149° 50 ? W) is part of 
the Society archipelago and has an area of 135 km 2 with 
61 km of coastline. The study was conducted in the Tiahura 
marine reserve located in the Northwest part of Moorea 
lagoon (Fig. 1). Fishing and collecting have been prohibited 
in this area since October 2004, when the local government 
implemented Marine Protected Areas, following extensive 
consultation with local stakeholders. Two active stingray 
feeding areas were present in the study zone during our 
acoustic telemetry monitoring. The first one, “Sand Bank” 
(SB), has been used by a tour boat operator since 1995. It 
consists of a wide shallow area at the limit of the boat chan¬ 
nel. The second feeding site, called “Motu” (M), was estab¬ 
lished in 1999 on the shallow East corner of the Fareone 
Motu (Fig. 1). The overall study zone is characterized by a 
central boat channel (maximum depth of 5 m) and very shal¬ 
low coral and sandy sides. Main currents are usually East¬ 
ward. 

Material 

Acoustic receivers 

Six Vemco VR2 hydrophones (R1 to R6) were used to 
cover the studied area. The acoustic receivers were deployed 
in March 2005 and left for a year. They were set up at 1.5 to 
3 m from the bottom. A 200 m radius functional range was 
measured during test operations (Gaspar, unpublished data) 
for each receiver; hence the array formed by the 6 receivers 


covered a 0.65 km 2 wide area which represents 33.7% of the 
study zone surface (1.92 km 2 ). The VR2 hydrophones are 
submersible single channel receivers collecting multidirec¬ 
tional data emitted by coded transmitters. They were set up 
on the sandy substrate or on dead coral heads, with the 
hydrophone facing down. The Sand Bank site was monitored 
by receiver R5; the Motu site by receiver R2. All hydro¬ 
phones were located in areas selected in order to minimize 
acoustic shadow zones that occur in structurally complex 
coral areas. 

Acoustic transmitters 

Fourteen Himantura fai (DW; 73-114 cm; 6 males-8 
females) were tagged with Vemco ultrasonic V8SC-2FI 
coded transmitters (n = 7; length: 30 mm; diameter: 9 mm; 
weight in water: 3.1 g) or VI3 -1 FI- coded transmitters (n = 7; 
length: 36 mm; diameter: 13.9 mm; weight in water: 6 g). 
The minimum off time was 120 s and the maximum off time 
was set to 240 s. This set-up helped avoiding collision 
between transmitters emitting simultaneously to the same 
receiver. The theoretical life-time of the transmitters was 229 
days for the V8SC model and 400 days for the VI3. 

Tagging method 

The rays were caught and tagged in the study zone from 
March 30 th to July 24 th 2005. Two rays were tagged at the 
Motu (M) feeding site, nine at the Sand bank (SB) feeding 
site and three outside of any feeding site but in the study 


Table I. - Sex, size, location and date of tagging of each ray. Survey duration and theorical life of tags (Vemco’s tag life is given at 229 days 
for V8 and 400 days for V 13). [Sexe, taille et lieux de marquage de chaque raie. Duree des suivis et duree de vie theorique des marques 
(Durees de vie theorique de 229jours pour V8 et 400jours pour V13 donnees par Vemco) M : male, F tfemelle.] 


Ray 

code 

Tagging 

location 

Sex 

Disc width 
(cm) 

Tag type 

Tagging date 

First day survey 

Last detection 
day 

Survey 

duration 

(days) 

Theorical 
life of tag 
(days) 


121 

Sand bank 

M 

82 

V8SC 

30 Mar. 2005 

31 Mar. 2005 

7 Apr. 2005 

8 

229 


122 

Sand bank 

M 

88 

V8SC 

24 Jul. 2005 

25 Jul. 2005 

28 Feb. 2006 

102 

229 


123 

Sand bank 

M 

90 

V8 SC 

31 Mar. 2005 

1 Apr. 2005 

11 Oct 2005 

194 

229 


124 

Sand bank 

F 

104 

V8 SC 

31 Mar. 2005 

1 Apr. 2005 

19 Aug. 2005 

141 

229 


125 

Motu 

F 

114 

V8 SC 

1 Apr. 2005 

2 Apr. 2005 

28 Aug. 2005 

147 

229 


126 

Sand bank 

F 

84 

V8 SC 

9 May 2005 

10 May 2005 

30 Jan. 2006 

266 

229 


127 

Sand bank 

M 

73 

V8 SC 

24 Jul. 2005 

25 Jul. 2005 

2 Mar. 2006 

221 

229 


128 

Sand bank 

F 

92 

V13 1H 

22 Apr. 2005 

23 Apr. 2005 

28 Mar. 2006 

340 

340 

end of survey 

129 

Sand bank 

F 

99 

V13 1H 

22 Apr. 2005 

23 Apr. 2005 

28 Mar. 2006 

340 

340 

end of survey 

130 

Motu 

F 

105 

V13 1H 

28 Apr. 2005 

29 Apr.2005 

28 Mar. 2006 

334 

334 

end of survey 

131 

Outside 
feeding zone 

F 

86 

V13 1H 

9 May 2005 

10 May 2005 

23 Oct. 2005 

167 

323 


132 

Sand bank 

M 

81 

V13 1H 

11 May 2005 

12 May 2005 

28 Mar. 2006 

321 

321 

end of survey 

133 

Outside 

feeding 

zone 

F 

107 

V13 1H 

24 Jun.2005 

25 Jun.2005 

28 Mar. 2006 

0 

277 


134 

Outside 

feeding 

zone 

M 

77 

V13 1H 

24 Jun.2005 

25 Jun.2005 

28 Mar. 2006 

275 

277 

first 

detection: 

28 Jun.2005 
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zone. Baits attached to a square net dropped on the side of a 
small boat were used to attract the animals. The rays were 
then lifted up on the flat portion of the boat, sexed, sized and 
tagged (Tab. I). The weight of the transmitters represented 
less than 0.1% of the estimated animal weight. 

Different tagging methods are available and have been 
used for fish (Fair, 1999; Holland et al., 1999; Arendt et al., 
2001a; Heithaus et al., 2002; Jepsen et al., 2002; Egli et al., 
2004; Astruch et al., 2006). External tagging was not select¬ 
ed due to tourists viewing and touching the rays. Internal 
tagging can include: stomach insertion, oviduct insertion, 
muscle implantation, gut insertion and surgery in the general 
cavity. Internal surgery was the method selected after a 
review of past experiments in elasmobranches (Nelson, 
1990; Holland et al., 2001; Heithaus et al., 2002; Cartamil et 
al., 2003; Heupel et al., 2004). 

To perform internal insertion in rays, the animal was 
turned over on its back to induce tonic immobility (Holland 
et al., 1999; Heithaus et al., 2002). No anaesthetic (general 
or local) was used (Fair, 1999). An incision slightly larger 
than the size of the tag diameter was made in the general 
cavity and the tag was then inserted. The tag was covered 
with antibiotic ointment (Bacteomycin ND). The incision 
closure was done with 1 to 3 stitches of non-absorbable 
suture (Ethilon ND 3-0 24 mm 3/8c). The overall process did 
not extend over 5 min. The animal was dropped in the place 
of collection and observed by a swimmer during 30 min after 
the procedure. The rays came back to the feeding sites where 



130 128 121 
Ray code 

Figure 2. - Percentage of detection on feeding sites for each ray 
compared to total detection of the 6 receivers. [Pourcentage de 
detection des sites de nourrissage compare aux detections totales 
par les 6 recepteurs.] 


they were collected during the following days. The consist¬ 
ency in behaviour between tagged and non-tagged animals 
indicated that general cavity implantation of small sonic 
transmitters is a viable technique (Holland et al., 1999). 
Underwater observations were performed just after tagging 
and during the entire study period to qualify feeding behav¬ 
iours, attitude towards the feeders and tourists and amongst 
rays. 

Data analysis 

The automated VR2 tracking system records continuous 
data on the presence of tagged rays through an array of 
hydrophones. Because the transmitter does not pulse regu- 



Ray code 

Figure 3. - Percentage of detection for each ray on each of the 6 receivers. [Pourcentage de detection de chaque raie sur chacun des 6 
recepteurs.] 
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larly, a ray detected by at least one receiver during a 10-min 
period was assumed to be present in the detection range for 
that period (Chateau and Wantiez, in press). Data collected 
during the first 24 hours were considered to represent an 
acclimatizing period and were not included in the analyses 
(Zeller 1997). 

Mean comparisons were performed using t-test, one-way 
ANOVA or two-way ANOVA without replication when vari¬ 
ances were not significantly heterogeneous (Bartlett’s test 
for homogeneity of variance, p > 0.05). When an ANOVA 
was significant (p < 0.05), a Tukey-Kramer test was per¬ 
formed to identify the source of the differences. When vari¬ 
ances were significantly heterogeneous (Bartlett’s test for 
homogeneity of variance, p < 0.05), mean comparisons were 
performed using a Wilcoxon (Mann-Whitney) test or a 
Kruskal-Wallis test. When a Kruskal-Wallis test was signifi¬ 
cant (p < 0.05), a Steel-Dass’ post hoc test was performed to 
identify the source of the differences. Spearman correlation 
was used to test the relationship between the daily detection 
and the mean hourly detection of rays. 

RESULTS 

One ray (#133) never was detected and was excluded 
from subsequent analysis. The period of detection within the 
studied area (all hydrophones) varied greatly between the 13 
other rays, ranging from 8 days to 340 days (mean: 220 ± 
105 days of survey; 3.7% to 100% of the expected survey 
duration) (Tab. I). 

The frequentation of feeding sites varied greatly between 
individual. No ray was detected each day at feeding sites 
during its survey period. Eight rays (62%) were regularly 
detected at feeding sites (one detection by day at least) dur¬ 
ing their survey period (78.7% to 99.3% of their monitored 
days) (Fig. 2). Two rays (15%) were detected at feeding sites 
about 50% of their survey period (47.5% and 65%) (Fig. 2). 
There was low feeding site frequentation for 3 rays (23%) 
(1.2% to 34.3% of their monitored days) (Fig. 2). 

The number of feeding sites frequented each day varies 



Figure 4. - Mean daily presence per ray on Sand Bank (R5) in min¬ 
utes. [Detection moyenne journaliere par raie sur le Banc de Sable 
(R5) en minutes.] 


amongst individuals. When frequent feeding sites, rays were 
generally detected at only one site in the same day (68% to 
100% of the days according to rays). Ten rays (77%; all rays 
except #121, #131 and #134) were detected some times at 
the two feeding site the same day. However, it represents less 
than 32% of the days when rays come to feeding sites at best 
(1.4% to 32% of the days according to rays). When only one 
site was frequented by day, 4 rays (#124, #125, #130 and 
#131) generally frequent the Motu feeding site (81.7% to 
100% of days) and 8 rays (#121, #122, #126, #127, #128, 
#129, #132 and #134) generally frequent the Sand Bank 
feeding site (99.3% to 100% of days). Only rays #123 fre¬ 
quented the 2 feeding sites on the same way when it was 
detected at only one feeding site by day (57.4% of the days 
at the Motu feeding site and 42.6% of the days at the Sand 
Bank feeding site). 

Daily variations of detection at the feeding sites 

Daily detection variation at the Sand Bank feeding site (R5) 

Only ray #131 was never detected at the Sand Bank (R5) 
feeding site. The 12 other individuals (92%) were detected at 
this site during their monitored period. The rays were detect¬ 
ed at the Sand Bank feeding site fromO.2% to 95.7% of their 
total time of detection in the area (all hydrophones) (Fig. 3). 
When the rays were present in the site, the mean daily detec¬ 
tion was significantly different between individuals (Kruskal- 
Wallis test; p < 0.001). The presence was significantly lower 
for rays #125, #127, and #130 (15 min to 18 min per day) 
than the other rays (39 min to 199 min per day) (Steel- 
Dwass’ post hoc; p < 0.01). When present, the four most 
detected rays were #128, #129, #132 and #134 (99 min to 
199 min per day) (Fig. 4). There was a significant positive 
correlation between the daily presences of this 4 rays during 
their mutual survey period (205 days) (Spearman Rank Cor¬ 
relation; p <0.001). 

Over the total survey period, we were not able to collect 
information on how the different tourist operators used the 
site each day for their activity of ray feeding. However an 
indicator of the high frequentation of the site can be given by 
the presence or absence of cruise ships on the Island of Moo¬ 
rea. There were no significant differences between the mean 
daily detection of rays when cruise ships were present in 
Moorea and their mean daily detection when the cruise ships 
were absent (ANOVA; p >0.05). 

Daily detection variations at the Motu feeding site (R2) 

Only ray #121 was never detected in the Motu feeding 
site. The 12 other rays were detected at this site from 0.2% to 
95.5% of their total time of detection (all hydrophones) 
(Fig.3). When the rays were present in the site, the mean 
daily detection was significantly different between individu¬ 
als (Kruskal-Wallis test; p < 0.001) (rays #122, #131 and 
#134 were excluded from this analysis because the number 
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Ray code 

Figure 5. - Mean daily presence per ray on Motu (R2) in minutes. 
[Detection moyenne journaliere par raie sur le Motu (R2) en minu¬ 
tes.] 

of days they were present was too low (< 5 days)). The pres¬ 
ence was significantly higher for rays #123, #124, #125 and 
#130 (137 min to 159 min per day) than the other rays (20 
min to 49 min per day) (Steel-Dwass’ post hoc; p < 0.01) 
(Fig. 5). There was a significant positive correlation between 
the daily presence of rays #123, #124, #125 and #130 during 
their mutual survey period (191 days) (Spearman Rank Cor¬ 
relation; p <0.01). 

We used the presence or the absence of Mahana Tours 
(the major operator at the Motu site) to test if feeding activity 
influence the daily detection of the rays in the Motu site (all 
rays frequenting the Motu site considered during their mutu¬ 
al survey period). There were no significant differences 
between the mean daily detection of rays when Mahana 
Tours came in Motu site and their mean daily detection when 
the operator was absent (ANOVA; p > 0.05). 

Hourly variations of detection at the feeding sites 

Hourly variations of detection at the Sand Bank feeding site 
(R5) 

When rays were present on site, their mean hourly detec¬ 
tion time was significantly different (ANOVA; p < 0.001). 
When present, the mean hourly detection time of rays #128, 
#129 and #132 (4.8 min to 8.3 min per hour) was signifi¬ 
cantly higher than the mean hourly detection time of rays 
#124, #125, #127 and #130 (less than 1 min per hour) (Tuk- 
ey-Kramer test; p < 0.05). Also when present, the mean 
hourly detection time of specimen #128 (6.1 min per hour) 
and specimen #129 (8.3 min per hour) was significantly 
higher than the mean hourly detection time of the other rays 
(Tukey-Kramer test; p < 0.05), except rays #132 and #134 
(Tukey-Kramer test; p > 0.05). There was a highly signifi¬ 
cant positive correlation between the mean hourly detection 
time of 6 individuals #123, #126, #128, #129, #132, and 
#134 (Spearman Rank Correlation; p < 0.01). 

The mean detection time per hour was significantly high¬ 
er during daytime (82.0% to 96.6%) than during night-time 
(3.4% to 18.0%) for 7 rays (#122, #126, #128, #129 #132, 
and #134) (Mann-Whitney tests; p < 0.01). Only the mean 
hourly detection time of ray #125 was significantly lower 


during daytime (21.9%) than during night-time (78.1%) 
(Mann-Whitney tests; p < 0.01). There was no significant 
difference in the mean hourly detection time between day¬ 
time and night-time for the individuals #124, #127 and #130 
(Mann-Whitney tests; p > 0.05). There was no significant 
difference in the mean hourly detection time during night¬ 
time across individuals (Kmskal-Wallis test; p >0.05). 

The regular feedings at Sand Bank site occur 50% of the 
time from 9 am to 12 pm and 50% of the time from 2 pm to 
4 pm (Gaspar, unpubl. data). When present, the mean detec¬ 
tion per hour of 7 rays #122, #123, #126, #128, #129, #132 
and #134 was significantly higher during feeding hours (3.9 
min to 15.8 min) than during the rest of the day (1.0 min to 
6.3 min) (Mann-Whitney tests; p < 0.05). A similar trend was 
observed for ray #121 even if the differences were not sig¬ 
nificant (Mann-Whitney test; p > 0.05). The mean hourly 
presence of all rays on the Sand Bank site shows clearly 
6 am to 5 pm as higher level but with 2 peaks from 7 am to 
10 am and from 3 pm to 4 pm (Fig. 6). 

Hourly variations of detection at the Motu feeding site (R2) 

When rays were present on site, their mean hourly detec¬ 
tion time was significantly different (ANOVA; p < 0.001). 
When present, the mean hourly detection time of 4 rays 
#123, #124, #125 and #130 (6 min to 7 min per hour) was 
significantly higher than the mean hourly detection time of 
the other animals (less than 1 min to 2 min per hour) (Tukey- 
Kramer test; p < 0.05). There was a highly significant posi¬ 
tive correlation between the mean hourly detection time of 
these 4 individuals (Spearman Rank Correlation; p < 0.001). 
There was a highly significant negative correlation between 
the mean hourly detection time of these 4 rays and the mean 
hourly detection time of individuals #128 and #129 (Spear¬ 
man Rank Correlation; p < 0.001). 

The mean detection time per hour was significantly high¬ 
er during daytime (88.7% to 95.2%) than during night-time 
(4.8% to 11.3%) for rays #123, #124, #125 and #130 (Mann- 
Whitney tests; p < 0.001). The mean detection time per hour 
was significantly lower during daytime (5.4% to 29.5%) than 
during night-time (70.5% to 94.6%) for individuals #127, 
#128 and #129 (Mann-Whitney tests; p < 0.05). There was 
no significant difference in the mean hourly detection time 
between daytime and night-time for rays #126, #132 and 
#134 (Mann-Whitney tests; p > 0.05). Individuals #122 and 
#131 were only detected 2 days at the Motu site and were 
not included in this analysis. There were no significant dif¬ 
ference in the mean hourly detection time during daytime 
between rays #123, #124, #125 and #130. However, the 
mean hourly detection time during night-time was signifi¬ 
cantly different between individuals (Kruskal-Wallis test; 

p<0.01). 

The regular feedings at Motu site occur 90% of the time 
from 9 am to 12 pm and 10% of the time from 2 pm to 4 pm 
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Figure 6. - Mean hourly presence of all rays detected on Sand Bank 
(R5) in minutes per hour. [Detection moyenne horaire pour toutes 
les raies detectees sur le Banc de Sable (R5) en minutes par heure.] 
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Figure 7. - Mean hourly presence of all rays detected on Motu (R2) 
in minutes per hour. [Detection moyenne horaire pour toutes les 
raies detectees sur le Motu (R2) en minutes par heure.] 

(Gaspar, unpublished data). When present, the mean detec¬ 
tion per hour of 3 individuals #124, #125 and #130 was sig¬ 
nificantly higher during the feeding hours (14.7 min to 20.9 
min) than during the rest of the day (3.8 min to 4.8 min) 
(Mann-Whitney tests; p < 0.05). A similar trend was 
observed for specimen #123 even if the differences were not 
significant (Mann-Whitney test; p > 0.05). The mean hourly 
presence of the rays on the Motu site shows clearly two 
peaks from 8 am to 11 am and one at 3 pm (Fig. 7). 

DISCUSSION 

In order to describe pink whipray site frequentation in 
the two feeding zones of Moorea, we used acoustic telemetry 
to quantify the absence or presence of each tagged individual 
in the detection range of the two receivers located at each of 
the tourist feeding sites. Failure to detect a tagged ray can be 
attributed to 3 mains factors: either the ray is out of the 
detection range of the receiver (true absence), either it is 
within range but the acoustic ping is blocked by one of the 
many coral heads in the lagoon (false absence) and finally 


the lack of detection is caused by signal collision. Because 
one receiver can only detect one ID code at a time, if two 
codes overlap at one receiver site then neither code will be 
detected. Because of the randomization of the delay time for 
each tag, the next time these two tags will transmit, the 
chances for them to collide again is minimal and both will be 
detected. We selected an average silent time from 120 to 240 
s for this purpose to try and minimize the collision factor in 
our data. Flowever, we are not able to quantify the relative 
importance of these 3 factors of non-detection and we can 
stipulate that the recorded presence times are likely to be 
underestimated. 

We deployed receivers R2 and R5 inside the feeding 
zones but due to the very high human frequentation of these 
areas, we did not place them right at the centres of the feed¬ 
ing zones. This is likely to have led to underestimated detec¬ 
tions in the case of the Sand Bank site due to the presence of 
a boat channel at the periphery of the feeding zone. Rays in 
the channel but at proximity of the feeding zone were not 
detected due to the topography of the site. The duration of 
the survey was conditioned by the tag selection (different 
life expectancy for V8: 229 days and V13: 400 days). The 
end of the detection could be explained by either a tag defi¬ 
ciency, the expulsion of the tag from the general cavity, the 
death of the rays, or the movement of the selected rays out of 
the survey area during the entire emission period of the tag. 

Tour boat operators have developed and maintained 
stingray feeding activities since 1995 at the Sand Bank site 
and since 1999 at the nearby Motu site, using food to attract 
the animals. In our study, a detection of a ray at a feeding site 
does not automatically mean that the individual was being 
fed. From our direct observations, rays are usually receiving 
food when they are detected, however after feeding they can 
display a resting period in the same zone and still be detected 
for a long period of time. Himantura fai individuals showed 
different frequentation patterns in the feeding zones. Because 
data on the behaviour of this species is still very limited, we 
can only speculate on what might explain these differences. 

Feeding sites frequentation by Himantura fai 

The overall ray population identified in June 2004 
showed 58 individuals (Gaspar, unpubl. data). During our 
study, we tagged 14 animals (one never emitted). Out of 
these 13 rays (6 males; 7 females), 7 individuals (4 males, 3 
females) presented a maximum detection time at the Sand 
Bank site; 4 rays (1 male, 3 females) presented a maximum 
detection time at the Motu site; 2 rays (1 male, 1 female) 
exhibited a very low use of the feeding sites. 

On the Sand Bank feeding site, one female ray (#131) 
was never detected. This female was tagged outside of the 
feeding zones and was also very rarely detected at the Motu 
site. This animal can be considered as non-habituated to 
human feeding. The other 12 rays were detected. The seven 
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individuals that were detected much more often than the 
other ones were 4 males and 3 females. They were detected 
more often during the daytime than at night-time. The 4 most 
detected rays (#128, #129, #132, #134) showed a detection 
time of over 1.5 hour per day. These individuals are the ones 
commonly seen during our in-water observations with a very 
high accommodation to human presence. 

On the Motu site, one male ray #121 was never detected. 
This male was tagged on the Sand Bank site but only emitted 
during the first 8 days. He was detected by all the other 
receivers but mainly at night. This animal may have leaved 
the study area while not yet fidelized to feeding site, but the 
non-detection can also be attributed to tag deficiency, tag 
rejection out of the general cavity or animal death. The other 
12 rays were detected. However the 4 most detected rays 
(#123, #124, #125, #130) had a detection time of over 2 
hours per day mainly during day-time. While the number of 
frequently seen rays at the Motu site is lower than at the Sand 
Bank site, these animals were easily identified. Amongst 
these 4 rays, the only male (#123) is less observed and 
touched by the feeding operators and tourists (Mahana Tours, 
personal communication). 

The rays’ daily pattern is affected neither by the number 
of tourists present on the Motu site, nor by the numbers of 
feedings offered by Mahana Tours (Gaspar, unpublished 
data). On the Sand Bank site, it was not possible to evaluate 
the exact number of feedings per day as, in addition to regu¬ 
lar tour operators, many boat owners and residents are also 
using the area as a recreational site and bring unknown quan¬ 
tities of fish to attract rays. We used the presence of cruise 
ships on the island as a proxy of high frequentation, but the 
ray presence show similar trends. 

Despite a great variability in the daily detections amongst 
the 13 tagged rays, it appears that 7 of them exhibited a regu¬ 
lar presence pattern on the feeding zone at Sand Bank and 4 
at the Motu site. For 2 individuals (one male, one female), 
the acoustic telemetry data showed no regular use of feeding 
sites, these individuals spent the majority of their time in the 
study area but did not use the feeding sites during feeding 
activity hours. The acoustic telemetry showed different 
degrees of feeding site presence amongst the other 11 indi¬ 
viduals tagged but we did not observed specific behaviour in 
regards to the animal sex or size. 

How much influence has the feeding on fish behaviour? 

Our study showed an anticipation of feeding hours by the 
rays. This anticipation ability of the animals is shown on 
both sites (strongly on Sand Bank site) with fish being 
present 1 to 2 hours before feeding times and predictable 
feeding periods. This anticipation is shown by Nelson (1995) 
at Stingray City in Cayman Islands. 

On the Sand Bank site, the presence or absence of a large 
number of feeding participants - days with or without ships - 


did not affect the duration of presence of the rays on the site. 
This site is also particularly used by residents during holidays 
and vacation but their hourly presence is impossible to quan¬ 
tify. Seven rays out of 12 showed a significantly higher mean 
hourly detection time during feeding times. Bimodal patterns 
exhibited 2 peaks of mean hourly presence time from 7 am to 
10 am and from 3 pm to 4 pm while feeding occurs from 9 am 
to 12 pm (50% of feeding activity) and from 2 pm to 4 pm 
(50% of feeding activity). The rays have been detected on the 
site generally 2 hours before feeding time in the morning. 
During our direct observations, rays were not easy to locate 
during this period. When we used a kayak (to avoid the pos¬ 
sible attraction by boat noise), we found them often resting 
on the border of the deeper channel. 

On the Motu site, 3 rays out of 12 showed a significantly 
higher mean hourly detection time during feeding times. The 
hourly pattern of presence is bimodal. The morning mode is 
from 8 am to 11 pm whereas the afternoon mode is at 3 pm 
while we know that feeding occurs usually at 90% from 9 am 
to 12 am and 10% from 2 pm to 4 pm. In this case, the rays 
anticipate the feeding time by coming earlier on the site, but 
this anticipation time is shorter than the one shown on the 
Sand Bank site. This can be explained by the different con¬ 
figuration of the receiver R2 area that includes higher density 
of coral heads that could lead to non detection of resting 
rays. Furthermore, this feeding site was set up 4 years after 
the sand Bank one, the anticipation factor can be influenced 
by the number of years of feeding activity. This zone is used 
mainly by one major tour operator (Mahana tours). On the 
days during which Mahana Tours had no guests, the rays 
showed similar presence patterns. This result can be 
explained either by the presence of another occasional oper¬ 
ator or by the habituation of the rays to come on the site at 
regular hours. 

The influence of feeding on the use of habitat zone was 
not studied here since the 6 receivers did not cover the entire 
surface of the study zone. However, a recent study using 
active tracking on 3 of the same fed animals (Gaspar, unpub¬ 
lished data) has shown that the rays reside in the selected 
study zone (1.92 km 2 ) and rarely forage outside of this area. 
The attraction range of food on rays is within the limit of the 
study zone considered to be their average habitat. The study 
was extended to 3 non fed animals who exhibited a larger use 
of their habitat and higher nocturnal activity. The feeding by 
human touristy activity has influenced the animal food 
research behaviour. Receiving food by human change the 
sensorial mechanism the rays use for prey detection and swal¬ 
lowing. Montgomery and Skipworth (1997) detail the mecha¬ 
nism by which rays can assess buried bivalves density using 
their mechanosensorial lateral line to detect bivalves’ water 
jets from sandy bottoms. In our case of ray pieces fed by 
operators, rays have to utilise a different prey detection sen¬ 
sory system and use olfaction and vision to locate the rays. 
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As opportunistic predators (Stokes and Holland, 1992), they 
adapt their feeding behaviour to take ray pieces in the water 
column, close to the surface rather than laying on the sand as 
they naturally do when foraging. However, the dorso-ventral 
flattening and dorsal placement of the eyes of batoids sug¬ 
gests that benthic prey detection is made by non visual senses 
(Maruska and Tricas, 1998). The overall feeding behaviour 
and the use of smell (Davis el al., 2006) is an adaptation from 
rays when they come to the surface to grab a ray piece from 
the hand of a visitor. A complementary study to assess the 
consequence on stingray health of a switch to fat ray diet 
- given in large quantity during short feeding times - from 
small benthic invertebrate preys seems important, in addition 
to the impact on growth and weight rate in addition to the 
possible alteration of reproduction patterns (Oram, 2002). 

Milazzo et al. (2005) evaluated the effects of ray feeding 
on density and size distribution of fishes. They mentioned 
that the increase in population size of the dusky grouper, a 
top predator, could play an important role in the whole shal¬ 
low ecosystem and could lead to the decrease of other fish 
species as a result of direct competition for food. But they 
also highlight that this could have the opposite effect by 
releasing prey species from predators. The increase of ray 
excretions can also lead to the modification of the habitat 
features. In some other ray studies (Chateau and Wantiez, in 
press), the absence of rays from a feeding zone can also be 
correlated to the reproductive period (no feeding stimulus 
and/or migration to spawning area). It suggests also that 
feeding activities do not modify the reproductive cycle. Dur¬ 
ing our study, pregnant females have been seen regularly on 
feeding sites but reproduction patterns were not studied. 

The present study indicated that 11 out of the 13 rays pre¬ 
sented diurnal feeding activity on feeding sites even though 
some stingray species (Dasyalis lata) are known to typically 
feed at night (Cartamil et al., 2003). Similar observations 
were described by Newsome et al. (2004) on 2 species of 
rays. Newsome noted an increased abundance of stingrays 
(Dasyatis brevicaudata, D. thetidis) between 10:30 am and 
2:30 pm when fishermen use to discard rays viscera. Nelson 
(1995) indicated that feeding periods of stingrays were pro¬ 
foundly modified by tourism activities in Stingray City, in 
the Caribbean. In our case, the regular presence of 11 Himan- 
turafai can not confirm that their nyctemeral cycle feeding 
was modified. More studies need to be conducted on gastric 
contents of these fed rays and on their complementary forag¬ 
ing behaviour at night and be compared to animals non fed 
by human. 

The influence of ray feeding on animal aggression was 
not observed in the present study. The consequences of feed¬ 
ing on ray behaviour have been studied recently (Hopkins et 
al., 2003; Milazzo et al., 2005). Orams (2002) documented 
the key impacts of food provisioning in wildlife tourism situ¬ 
ations. The major issues identified are habituation, depend¬ 


ence, overfeeding, malnourishment, attraction, aggression, 
altered behaviour and disrupted relationships (Newsome et 
al., 2004). Himantura fai in Moorea are used to being han¬ 
dled by humans and no serious aggressive situation or injury 
(stings or bites) have occurred with tourists to this day. How¬ 
ever, aggressive behaviour by Dasyatis americana was doc¬ 
umented in the Caymans Islands (Shackley, 1998), suggest¬ 
ing that when boats are unable to reach the site (due to 
weather conditions for instance) the rays which don’t sup¬ 
plement their diet by normal feeding can get hungry. A new 
parameter can be considered in our specific study site. The 
feeding is attracting now a large population of black tip 
sharks: a competition for food can occur in the future with 
potential aggression attitude from the stingrays if they are 
threatened or if the food becomes less available for them. 

What other factors influence the feeding site 
frequentation of rays? 

The strength of the habituation of rays with regards to the 
date of creation of the feeding site was not shown in our 
study. Ray-feeding at the Sand bank site started in 1995 and 
in 1999 at the Motu site. We did not find a difference between 
the number of years the food has been distributed on a site 
and the mean hourly presence of the rays on each site. How¬ 
ever anticipation of feeding time hours was detected strongly 
on Sand Bank site as well as a higher daily average of rays 
frequenting the site. The food is consistent amongst the two 
sites in quality (herring, sardine, squid and tuna) but the 
quantity provided at each site is difficult to estimate. The 
main operator (Mahana tours) at the Motu site has decided to 
decrease the amount of food given to ensure that the rays are 
only attracted but still forage for food as a natural behaviour. 
The guide now tends to use a plastic container with holes 
containing rays so that the rays are attracted close to tourists 
by the odour of rays but do not eat. The feeding operation is 
done from the beach and tourists can sit for over one hour 
watching the animals and interacting with them. The other 
operators (n = 2) are occasional on the Motu site. On the 
contrary, the high concurrency frequentation of operators at 
the Sand Bank site (n < 8) leads to a higher food quantity 
distribution. Each operator at this site is willing to attract as 
many rays as possible as soon as they arrive on the spot. The 
food quantity given to the rays is higher on this site. The 
operators stay on average 30 minutes on the site. The tourists 
have water at the waist level; they interact with the rays at 
the surface or watch them underwater with a mask. The con¬ 
tact is often initiated by the animals, some rays actively 
looking for food. 

In both feeding cases, anticipation from the rays also 
occurs with boat engine noise. Our direct observation on the 
two sites showed a big reactivity of some individuals to boat 
engine sounds. Usually, within 2 minutes after the boat 
arrives, 2 to 6 rays would be seen on the Sand Bank and 
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between 1 and 2 rays on the Motu site. These rays were 
detected by the corresponding receivers but not seen by 
observers upon arrival, meaning that the rays were close to 
the feeding area less than 200 meters). Newsome (2004) 
described also in Hamelin Bay, Australia, that ray individu¬ 
als are conditioned by the feeding activity and approach 
boats as soon as they perceive engine sounds. The sex of the 
rays did not appear to influence the site fidelity to feeding 
spots. The sex ratio of the group observed in our study in 
2004 was 30 males for 28 females. This is different from the 
feeding site in Hamelin Bay, Australia where only 2 males 
were present out of 16 rays (Newsome et al., 2004). In the 
Cayman Islands, Shackley (1998) explained that males did 
not adapt to feeding as quickly as females. In our study peri¬ 
od, some pregnant females were seen on feeding spots regu¬ 
larly and only disappeared for a few days to have their off¬ 
springs. They would come again to the feeding areas but off¬ 
springs were never located. However, none of the females 
tagged in our study have been pregnant during the survey 
period. From our in-water observations during feedings, we 
never noticed excluded individuals. Behaviour wise some 
rays would come closer and stay for longer contact with 
human, others will just take the rays and leave promptly. 

The tide factor on ray usage of specific areas has been 
studied. Rays are known to forage mainly in the intertidal 
zones (Montgomery and Walker, 2001). However tides are 
very weak in Moorea and daily fixed tidal times (low tides at 
regular 6 am-6 pm period) did not appear in the pattern anal¬ 
ysis in our study. The surrounding of the feeding sites can 
influence the frequentation by the rays. Overall ray feeding 
operations could result in higher local ray population levels 
at feeding sites and influence the ray assemblages within a 
selected area (Milazzo et al., 2005). In our study, ray feeding 
areas did not seem to gather additional small rays but more 
surveys should be conducted. However, black tip sharks are 
attracted by the food given on the Sand Bank by operators 
and residents. They do not interact with rays or people but 
their number has been increasing (up to 15 sharks at one 
time). However we observed, in 2007, some habituation in 
their behaviour and presence. Sharks are coming closer to 
feeding grounds and tourists while operators and tourists are 
gathering for their daily activities. Shark feeding in the 
lagoon was prohibited by the Marine Protected Area set up 
in 2004, but the authorised sting ray activities in specific area 
of the lagoon of Moorea could now be used to attract both 
species. This may influence the sting ray feeding and the ani¬ 
mal behaviour in the near future. 


CONCLUSION 

The demand for interaction with nature has increased 
over the past ten years, partially due to the increased urban¬ 


ised world and the environmental based media coverage 
(Orams, 2002). The stingray feeding activity in Moorea is 
one example. This study is a contribution to the use of pas¬ 
sive ultrasonic telemetry on an unstudied species of stingray 
(Himantura fai) to better understand the frequentation of 
feeding sites by this targeted population. The results of pas¬ 
sive tracking surveys are delicate to interpret at a fine scale 
(Heupel et al., 2006) but the present study indicates that it is 
a suitable tool to study activity patterns of large rays in 
selected areas. In this study, we observed different frequen¬ 
tation patterns between individuals at each feeding site, with 
peaks generally anticipating feeding times. Even if our study 
suggests that site fidelity on feeding sites may exist for 11 
fishes out of 13, the long term impact of feeding on ray 
behaviour, reproduction and health still needs to be 
explored. 

After respectively 12 and 8 years of utilization of the two 
existing feeding sites in the North western zone of the Moo¬ 
rea lagoon, there are still some individuals known (through 
seeing) to reside in the area that rarely feed on the rays given 
during tourist activities. The population size observed on the 
study area since 2004 has stayed in the range of 40 to 60 
individuals. No aggression towards human or intraspecies 
has been observed contrary to the description made by 
Shackley (1998) in the Cayman Islands (Orams, 2002). This 
can lead to the hypothesis that rays in Moorea do not rely yet 
on humans only to get food. Since October 2004, ray feeding 
activities have been reglemented by a management plan, 
named PGEM, in Moorea. This official document defined 
four potential feeding sites amongst which only two are cur¬ 
rently used - the ones involved in our survey. It also institut¬ 
ed a mandatory requirement for tour operators to sign a feed¬ 
ing guidelines document. The development of these guide¬ 
lines is in process by the Fishing Ministry. It will target 
number of tourists at the feeding locations, quality and quan¬ 
tity of food used, retrieval of uneaten food, prohibition of ray 
handling and lifting out of the water, and educational mes¬ 
sage to be given to each guest. This follows the example of 
Australia stingray rules described by Lewis and Newsome 
(2003). Further investigation on the impacts of this feeding 
activity is required to compare the behaviour patterns 
described in this study to Himantura fai natural patterns 
without human feeding opportunities. The present study sug¬ 
gests an impact of feeding on fish behaviour but was not able 
to quantify the feeding site fidelity strength for each individ¬ 
ual or their ability to forage for food naturally. Moreover, 
ecological consequences on trophic dynamics (Gilliam and 
Sullivan, 1993) could rise from the predation decrease of fed 
rays on their natural prey. An increase in the density of such 
prey could, in the long term, potentially affect local popula¬ 
tions of invertebrate and fish species (Milazzo et al., 2005). 
Finally, management policies (PGEM) and conservation 
measures are underway to control stingray feeding in this 


162 


Cybium 2008, 32(2) 


Gaspar etal. 


Pink whipray sites frequentation in Moorea 


new MPA to limit its impact on the species (food depend¬ 
ence and aggression), to maintain the ecosystem, to limit the 
risks to visitors (Lewis and Newsome 2003), as well as to 
help increase the quality of the wildlife experience through 
key educational components on a better studied species 
(Davis et al., 1997; Orams, 2002) . 
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